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This invention relates broadly to devices, such as
clutches, for connecting a rotating drive shaft to a ro-
tatable driven shaft and, more particularly, to devices
for disconnecting the driving and driven parts of such
a clutch device when the torque load on the driven
shaft reaches a predetermined high value.

Devices for disconnecting the driving and driven ele-
ments of a clutch and locking the clutch parts in disen-
gaged position upon overloading of the driven element
are well known. However, known Iockout devices of
this type require manual release in order to re-engage
the clutch elements, and while this is acceptable in many
uses and types of apparatus it is not desirable or ade-
quate for use in such devices as actuators which are
used to operate parts on which are imposed very high
and variable loads. Such loads are produced on air-
craft control surfaces when, for example, the aircraft is
operated in certain maneuvers or at very high speeds,
producing very high and unpredictable loads on the con-
trol surface. The loading of such control surfaces is
such that a predetermined overload condition that would
cause clutch disengagement under one operating condi-
tion would not necessarily exist under other operating
conditions, with the result that the overload release
would not be operable under all conditions in which its
operation would be required. )

It has been the principal object of the present inven-
tion to provide a lockout device which is operable at
a predetermined high speed of rotation of the driving
member for maintaining the driving and driven elements
of a clutch disengaged when a predetermined speed of
the driving member and a predetermined load on the
driven member are reached, and for causing re-engage-
ment of the clutch elements when the speed of rotation
of the driving member decreases- to a predetermined
value.

The invention is described in the following specifica-
tion and is illustrated in the accompanying drawing in
which:

FIG. 1 is a view, partly in section and partly in eleva-
tion, showing a drive shaft, a driven shaft, a clutch
means for drivingly connecting these shafts, and the lock-
cut means provided by the invention;

FIG. 2 is the same as FIG. 1 but shows the parts with
the drive connection disconnected and the lockout means
in operable position;

FIG. 3 is a fragmentary view of parts shown in FIGS. 1
and 2, showing in particular the forces exerted by and
on the drive connecting means, and

FIG. 4 is a view taken on line 4—4 of FIG. 1.

A preferred embodiment of the invention is disclosed
in the drawings and comprises a drive member 2 and a
driven member 4 and the overload release and lockout
device provided by the invention. The driving element
2, in the disclosed form of the invention, is formed on
the end of a drive shaft 6 and has a cylindrical part 8
and a circular radial part 10 formed on and extending
outwardly from the outer periphery of the cylindrical
part 8. The cylindrical part 8 is interiorly and rotatably
supported by ball bearing 12 on the end of driven shaft
14, on which is splined a circular disk 16 which is po-
sitioned closely adjacent the disk 10 of the driving part
of the clutch. The clutch, including the parts already
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described is enclosed by a housing 18, and the driving
and driven shafts are rotatably journaled in opposite
parts of this housing by ball bearings 20, 22 respectively.

The means for transmitting rotational movement of the
drive shaft 2 to the driven shaft 14 in the normal op-
eration of the device comprises a plurality of balls 39
each of which is positioned within one of a circular
series of apertures 32 in the driving disk 19. The driven
disk 16 is provided with an equal number of frusto-
conical recesses 34 which open toward the driving disk
19, and the balls 30 are constantly urged toward the
driven disk and partially into these recesses by a ball
loading device. This device comprises a member hav-
ing a cylindrical part 40 which surrounds and is mounted
on the outer surface of the cylindrical part 8 of the
driving member for axial sliding movement thereon, a
cylindrical part 42 which surrounds and is spaced from
the drive shaft 2, a radial disk part 44 which extends
outwardly from the cylindrical part 40, and a compres-
sion spring 46 which surrounds the drive shaft 2 and is
enclosed by the cylindrical part 42. The outer end of
the spring 46 bears on an abutment member 48 which is
threaded to drive shaft 2 for adjusting movement along
the shaft, and at its other end the spring bears on a
flange extending inwardly from the cylindrical part 40
of the ball loading member. The parts are so con-
structed and arranged that one surface of the disk part
44 of the loading member engages the balls 30 and
the spring 46 constantly urges the loading member to-
ward the driven disk 16, thus maintaining the balls
partially within their apertures 32 in the driving disk 10
and partially within the frusto-conical recesses 34 in the
driven disk 16.

The parts thus far described are operable to transmit
rotational movement of the drive shaft to the driven
shaft in the following way, reference being made to
FIG. 3 in addition to the other figures. In the normal
operation of the device the spring 46, acting through the
ball loading member consisting of the parts 40, 42, 44,
constantly urges the balls 30 to a position in which
each ball is partially within its aperture 32 in the driv-
ing disk 16 and partially within one of the frusto-conical
recesses 34 in the driven disk 16, thus providing a driv-
ing connection between the driving and driven disks 10
and 16.

FIG. 3 shows the force vectors that govern the action
of this detent drive coupling. Vector FT is the force
due to the torque applied to the drive shaft 2 and ball
plate 10, FL is the reaction force caused by the resisting
load torque of the driven shaft 14 and detent plate 16,
and FS is the force exerted on the ball loading disk 44
by spring 46. Because of the frusto-conical shape of
the wall of each recess 34 in the driven disk 16 the
resisting force FL has thrust component FR which is
opposed by the spring force FS. When the load FL
exceeds the maximum torque that the clutch is designed
to transmit, the component FR of the lcad reaction will
exceed the spring force FS and the balls 30 will be
forced out of the detent recesses 34 to the positions shown
in broken line in FIG. 3, thus disengaging the driving
disk 10 from the driven disk 16 and permitting the
driving shaft and its connected parts to rotate free of
the driven shaft and its connected parts.

It will be observed, however, that after the balls move
out of their detent recesses they will continue to move
with the rotating driving disk and when they reach the
next adjacent detent the spring force which is constantly
exerted on the balls through the driving disk will force
them into the detent recesses, whereby the driving mem-
ber will again attempt to engage and drive the load
member. - However, unless the load on the driven shaft
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has been sufficiently reduced since disengagement of the
balls from the detent recesses, and the inertia of the
driven shaft and load is sufficiently small that the driven
disk 16 can be accelerated to the same speed as the drive
disk 10 in less time than is required for the drive disk
to travel the distance d (see FIG. 3), the balls will again
come out of the detent recesses and the drive and driven
disks will not be engaged. The distance “d” is the dis-
tance between the positions of the center of each ball
in its fully engaged position within a detent recess 34
and in its fully disengaged position outside the same
recess. At high rotational speeds of the drive shaft
the impact forces produced when the balls attempt to
re-engage in the detent recesses can be very high and
may exceed the strength of the materials of the parts,
thus causing failure or reducing the life of the device.
Means are provided by the invention for inhibiting the
connective action or function of the balls after disengage-
ment of the drive and driven parts and so long as the
drive shaft and its connected parts rotate at a prede-
termined high speed, these means being preferably opera-
tive by centrifugal force due to the high speed of the
rotating drive parts to lock the ball loading means in a
retracted position in which the balls are not urged toward
the driven disk 16 and therefore do not operatively enter
the detent recesses therein. These means comprise an
annular, cylindrical rim 50 extending axially from the
outer periphery of the ball loading member 44 and pref-
erably formed integrally therewith, and extending to-
ward the driven disk 16. This rim member, which is
hereafter referred to as the locking member, is spaced
radially outwardly of the outer peripheral edges of the
driving disk 10 and driven disk 16 and extends in an
axial direction toward the driven disk such a distance
that it overlies the driving disk 10, and the part of the
inner surface of the locking member which overlies the
driving disk in the normal unlocked position of the
locking member is a smooth cylindrical surface 52.
Axially outwardly of this surface 52 in the direction
of the driven disk 16 the innmer surface of the locking
member is provided with an annular groove 54. The
outer periphery of the driving disk 10 is provided with a
plurality of bottomed recesses 56, each of which opens
outwardly, and in each of these recesses there is posi-
tioned a ball 58. The spacing of the lock-out member
50 radially outwardly from the outer periphery of the
drive plate 10, the diameter of each of the balls 58, and
the depth of the groove 54, are made such that when the
groove 54 is radially aligned with the balls 58, as will

be described hereinafter, the balls will move, as by centrif- ;

ugal force, into the groove and in this position will be
positioned partly within the groove and partly within the
ball recesses 56, as is clearly shown in FIG. 2.

Operation

In the normal operation of the force transmitting de-
vice, rotation of the drive shaft 6 will be transmitted
to the driven shaft 14 by drive member 2, driving disk
10, balls 30, the walls of detent recesses 34, and driven
disk 16, and the driving connection between the balls
and the detent recesses will be maintained by spring 46
so long as the load on the driven shaft (vector FL) does
not exceed a predetermined value.

When the load torque exceeds this value the balls 36
disengage from their detent recesses 34, forcing the ball
loading member 40, 42, 44 back against the force of spring
46, compressing the spring. The locking member 50,
which is part of the ball loading member is thus moved
to a position in which the groove 54 is in radial alignment
with the driving disk 10 and the balls 58 in the recesses
56 in its periphery. When this occurs at a high speed
of the drive shaft and its connected parts, the balls 58
are forced outwardly by centrifugal force to a position in
which they are partly in their recesses 56 and partly in
the groove 54. This locks the ball loading member 40,
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42, 44 in retracted position, removing the load of spring
46 from the balls 30, whereby the balls are not urged
toward or into the detent recesses 34, and thus locking
the driving and driven parts in disengaged position. The
drive shaft and its connected parts now run free of the
load member and there will be no re-engagement of the
clutch so long as the high speed continues. The num-
ber and size of the balls 58 are such that the loading
spring 46 is not able to overcome the centrifugal force
of the balls until the driving member has slowed down
after shut-off to such a speed that the balls 30 may re-
engage their detent recesses 34 with safe impact forces.
It will be seen that as the balls 58 are released from
lockout position during slowdown after shut-off, the unit
will always come to standstill with the driving connec-
tion in engaged position, thus, permitting the acceleration
of maximum load at start up.

While in this specification balls have been described
as the means used for both torque transmission means
and lockout, it will be understood that the invention is
not limited to the use of the balls for performing either
of these functions, and that other means such as pivoted
pins and the like may be used within the scope of the
invention. Further, other substitutions may be made
without departing from the spirit or scope of the inven-
tion, for the limits of which reference must be made to
the appended claims.

What is claimed is:

1. A clutch device for connecting and disconnecting a
drive shaft and a driven shaft, comprising adjacent parts
on the drive and driven shafts respectively, connecting
means carried by the drive shaft part and movable toward
and away from the driven shaft part, a spring normally
urging the connecting means toward the driven shaft part
to establish a driving connection between the parts, means
operable upon a pre-determined increase in the load on
the driven shaft for overcoming the force of said spring
and moving the connecting means out of driving engage-
ment with the driven part, and a lock-out device com-
prising means operable by centrifugal force created by
the speed of rotation of the drive shaft and operable
upon movement of the connecting means out of driving
engagement with the driven part upon the said increase
in the load on the driven shaft to lock the connecting
means in position away from the driven shaft against the
force of the spring.

2. A clutch device for connecting and disconnecting
a drive shaft and a driven shaft, comprising co-operating
connecting means on the drive and driven shafts respec-
tively, the means on the drive shaft being movable toward
and away from the means on the driven shaft to establish
and release driving connection between the two shafts,
a spring constantly urging the means on the drive shaft
toward the means on the driven shaft, the means on the
driven shaft being operable to move the drive shaft car-
ried means out of driving connection with the driven
shaft upon predetermined increase in the load on the
driven shaft, and clutch lock-out means having a normal
release condition and being movable to lock-out condi-
tion upon predetermind increase of the driven shaft
load and of the drive shaft speed and comprising a part
movable against the force of said spring upon operation
of said means for moving the drive shaft carried means
out of driving connection with the driven shaft, and
means carried by the drive shaft and movable by centrif-
ugal force due to the speed of rotation of the drive shaft
into locking engagement with said part.

3. A clutch device for connecting and disconnecting
a drive shaft and a driven shaft, comprising a plate at-
tached to the drive shaft and having a circular series of
openings therein, a driving ball positioned in each of said
openings, a plate attached to the driven shaft and posi-
tioned adjacent and in face-to-face relation to the drive
shaft plate and having a circular series of frusto-conical
detent recesses therein opening toward the drive shaft
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plate, means engaging the balls and urging them toward
the driven shaft plate whereby the balls engage in the
detent recesses in the driven shaft plate to provide a re-
leasable driving connection between the two plates, means
for locking the ball-urging means in a position removed
from the driven shaft plate whereby the balls will not
sengage in the detent recesses in the driven shaft plate, said
means comprising a plurality of recesses arranged in a
circular path in the periphery of the drive shaft plate
each of which opens radially outwardly, a locking bail
in each of said recesses, a locking member surrounding
the drive shaft plate and connected to the means engaging
and urging the driving balls and rotatable therewith and
having an inner cylindrical surface normally positioned
radially opposite the locking balls and maintaining said
balls in their recesses and also having a groove therein
which opens inwardly toward the drive shaft plate and
is normally axially displaced from the locking balls in
the direction toward the driven shaft plate, whereby
when the driven shaft load exceeds a predetermined
valve the driving balls are forced from the detent recesses
thus moving the locking member in the direction away
from the driven shaft plate to a position in which the
groove in the locking member is radially opposite the
locking balls whereby the locking balls are moved by
centrifugal force at a predetermined high speed of the
drive shaft and its connected parts partially into the
groove to lock the means normally urging the driving
balls toward the driven shaft plate in a position in which
the driving balls are not urged toward the driven shaft
plate.

4. A clutch device for comnecting and disconnecting
a drive shaft and a driven shaft, comprising adjacent parts
on the drive and driven shafts respectively, connecting
means carried by the drive shaft part and movable to-
ward and away from the driven shaft part, a spring
normally urging the connecting means toward the driven
shaft part to establish a driving connection between the
parts, means operable upon a predetermined increase in
the load on the driven shaft for overcoming the force of
said spring and moving the connecting means out of
driving engagement with the driven part, and a lock-out
device comprising means operable by centrifugal force
created by the speed of rotation of the drive shaft and
operable upon movement of the connecting means out of
driving engagement with the driven part upon the said
increase in the load on the driven shaft to lock the con-
necting means in position away from the driven shaft
against the force of the spring, said lock-out means be-
ing operable to normal release condition upon decrease
in the speed of rotation of the drive shaft to a prede-
termined value from the high speed creating the centrif-
ugal force required to operate the lock-out device to
permit the connecting means to return to driving engage-
ment with the driven part.

5. A clutch device for connecting and disconnecting
a drive shaft and a driven shaft, comprising co-operating
driving connecting means on the drive and driven shafts
respectively, the means on the drive shaft being movable
toward and away from the means on the driven shaft
to establish and release driving commection between the
two shafts, a spring constantly urging the means on
the drive shaft toward the means on the driven shaft,
the means on the driven shaft being operable to move
the drive shaft carried means out of driving connection
with the driven shaft upon predetermined increase in
the load on the driven shaft, and clutch lock-out means
having a normal release condition and being movable
a lock-out condition upon predetermined increase of
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the driven shaft load and of the drive shaft speed and
comprising a part movable against the force of said
spring upon operation of said means for moving the drive
shaft carried means out of driving connection with the
driven shaft, and means carried by the drive shaft and
movable by centrifugal force due to the speed of rotation
of the drive shaft into locking engagement with said part,
said lock-out means being operable to normal release
condition upon a predetermined increase in the speed
of rotation of the drive shaft from the high speed creat-
ing the centrifugal force required to operate the lock-
out device to permit the drive shaft carried means to
return to driving connection with the driven shaft.

6. A clutch device for connecting and disconnecting
a drive shaft and a driven shaft, comprising a plate at-
tached to the drive shaft and having a circular series of
openings therein, a driving ball positioned in each of
said openings, a plate attached to the driven shaft and
positioned adjacent and in face-to-face relation to the
drive shaft plate and having a circular series of frusto-
conical detent recesses therein opening toward the drive
shaft plate, means engaging the balls and urging them
toward the driven shaft plate whereby the balls engage
in the detent recesses in the driven shaft plate to provide
a releasable driving connection between the two plates,
means for locking the ball-urging means in a position
removed from the driven shaft plate whereby the balls
will not engage in the detent recesses in the driven shaft
plate, said means comprising a plurality of recesses ar-
ranged in a circular path in the periphery of the plate
attached to the drive shaft, each of which opens radially
outwardly, a locking ball in each of said recesses, a lock-
ing member surrounding the drive shaft plate and con-
nected to the means engaging and urging the driving
balls and rotatable therewith and having an inner cylindri-
cal surface mormally positioned radially opposite the
locking balls and maintaining said balls in their recesses
and also having a groove therein opening inwardly to-
ward the drive shaft plate and normally positioned axially
toward the driven shaft plate from the locking balls
whereby when the driven shaft load exceeds a prede-
termined value the driving balls are forced from the
detent recesses thus moving the locking member in the
direction away from the driven plate to a position in
which the groove in the locking member is radially op-
posite the locking balls whereby the locking balls are
moved by centrifugal force at a predetermined high
speed of the drive shaft and its connected parts partially
into the groove to lock the means normally urging the
driving balls toward the driven plate in a position in
which the driving balls are not urged toward the driven
plate, said locking balls being moved out of locking posi-
tion in the groove upon decrease in the speed of rota-
tion of the drive shaft and its connected parts to a pre-
determined value from the high speed creating the centrif-
ugal force required to move the locking balls to their
locking positions within the groove to permit the ball
urging means to move the driving balls into driving posi-
tion within the detent recesses in the driven shaft plate.
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